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Introduction
dentification of individual from skeletal remains by estimating age and sex is a routine procedure in forensic medicine and plays a key role in solving the medico-legal disputes. Determination of sex from analysis of skeletal remains has been an age old problem and represents a crucial stage in any forensic study, especially if it is from an isolated bone (Iscan and Steyn, 2013) . The accuracy in sex determination depends on the integrity of the skeletal elements so, the possibility of collecting as much information as possible from every element available is very important. Sexual dimorphism has been quantified in numerous ways in physical anthropology based on both morphological and metric point features for most of the skeletal elements (D'Anastasioa et al., 2014) . Hyoid is a small bone present in the ventral aspect of neck placed between the root of tongue and the thyroid cartilage (Gig, 2003) and it is a key bone in the neck trauma (Kumar et al., 2014) . Hyoid bone can be useful for identifying foul play in neck injuries in autopsy cases (Kim et al., 2006) and it can provide information about characteristics of an individual's biological profile (Jiménez-Brobeil et al., 2011) . In forensic anthropology, the significance of the hyoid bone has been well recognized while the bone morphology has been used as a source of information about an individual's biological profile (Komenda and Cˇerny, 1990 and Kim et al., 2006) also it is known to be rather sexually dimorphic (Kindschuh et al., 2010) while it is known to bear sexually dimorphic features noticeable even from early stages of postnatal life (Scheuer and Black, 2000) . To date, there have been numerous studies which have produced predictive equations for sexing human hyoids (Kindschuh et al., 2010) . Previous researchers investigated the utility of the hyoid as a reliable sex indicator, but they conducted metric analyses of forensic samples indirectly through X-ray images and the accuracy of the discrimination function was variable between 69.2-88.5% (Kim et al., 2006) . In a more recent study researchers attempted to obtain measurements directly from hyoid bones (Kindschuh et al., 2010) . The success of sex assessment using hyoid bones is affected by the manifestation of sexually dimorphic traits within a given population (Franklin et al., 2005) . However it was observed that minimal work has been done on the hyoid bone and a lesser number of studies have focused on sex determination using the characteristics of the hyoid bone in Arab countries.
Aim of the Study
Hence the aim of this study was to find the utility of the hyoid bone in estimation of sex based on metric parameters in a Saudi population using discriminant function analysis. And best of our knowledge, this is first-ever study from Saudi Arabia on the subjects.
I

Subjects and methods
Study sample: This study was conducted on medico-legal autopsy cases at the mortuary of the department of Forensic Medicine in Council of Forensic Medicine in Riyadh of Saudi Arabia. Ethical approval was obtained from its scientific committee. The study comprised 66 Saudi cadavers (36 males and 30 females) and all the autopsy cases were examined within 24 hours of death.
Methods: The hyoid bones in all the cases were carefully dissected using a V-shaped incision of the neck, extracted and removed from corpses. The inclusion criteria included intact adult hyoid bones while cases which pathologically changed, fractured and/or damaged were excluded. The hyoid bones were cleaned of soft tissues then kept in 10% formaldehyde solution for 72 hrs. plunged into alcohol solution and, once dried, kept in labeled plastic bag. Together with the actual individual's sex, age and cause of death, additional measurements such as body height and mass were taken. The selected hyoid bone measurements as described below were recorded according to their accessibility and facility on a dried bone using Neiko digital caliper graduated scale with LCD screen as illustrated in Figure Statistical analysis: All the measurements were tabulated and statistically analyzed as mean, standard deviation and range. Paired sample t-test as well as discriminant function analysis was performed using Statistical Package for the Social Sciences (SPSS version 16, SPSS Inc., Chicago, IL, USA) to test the difference in measurements. The percentage sexual dimorphism was calculated for each measurement using this formula: percentage sexual dimorphism = mean value in males ̸ mean value in females X 100 and the parameters were ranked according to percentage sexual dimorphism to establish the dimorphic order for hyoid bone measurements. ROC curve was calculated for predicting cut off point of parameters to sexual dimorphism.
Results
In the present study, from 66 samples were collected, 36 samples (54.5%) were males while 30 samples (45.5 %) were females and the age of the autopsied cases was ranged from (21-60 years). Table ( 1) revealed that, the values of all measured hyoid bone parameters are statistically higher in males than in females except two parameters [right and left angle of lesser cornua ( +)] which are statistically higher in females than in males. From the selected 11 parameters 7 parameters showed high statistical significant differences between males and females while 4 parameters showed no significant difference [Right and left maximum width of the proximal end of the greater cornua (CWI) & right and left angle of lesser cornua (+)]. Table ( 2) shows that the maximum sexual dimorphism was recorded for parameters no. 3& 8 [maximum body length (BL) and total hyoid length (THL)] while parameters no. 9& 10 [right and left angles of lesser cornua (+)] were least dimorphic among study population. Table ( 3) shows that if the maximum body length (BL) is greater than 20.5 mm. the bone will belong to males in 93.79% of cases and if the value is less than 20.5 mm. it will be of females in 63.2% of cases. If the total hyoid length (THL) is greater than 40.17 mm. it will be of males in 100% of cases and if the value is less than 40.17 mm. it will be of females in 65.68% of cases. 
Discussion
Earlier works have shown that metric analysis of the hyoid bone is a helpful technique in sex determination of a skeleton (Reesink et al., 1999) . The magnitude of sexual dimorphism is expressed to a degree which allows hyoid bone to be used as a sex predictor while assessing an individual's biological profile from skeletal remains. Previous researches estimated sex from the hyoid bone using x-ray images or digital photographs (Miller et al 1998 ., Komenda and Cˇerny, 1999 and Kim et al ., 2006 were not compared in details to the present study as these indirect method for hyoid bone measurements, do not allow for reliable comparison. The present study concluded that the measured hyoid bone parameters are statistically higher in males than in females except two parameters (right and left angle of lesser cornua) which are statistically higher in females than in males, these results are in general match reports of previous study that emphasize greater sexual dimorphism of the hyoid bone (Kindschuh et al., 2010) . This was in contrast to other researches which revealed that males showed a significantly larger hyoid than females in all variables that were examined (D'Anastasio et al., 2014).
And Priya and Ranzeetha, (2015) results revealed that the male hyoids are larger than female hyoids in all 15 studied parameters and with statistically significant difference. The present results stated that right and left maximum width of the proximal end of the greater cornua & right and left angle of lesser cornua showed non-significant differences between males and females which are in agree with Mukhopadhyay (2010) results which concluded that there is no significant difference between lengths of the left and right cornu and Vohra and Kulkarni, (2017) results which revealed that all parameters was highly significant different except the width of body of hyoid which was comparatively less significant. The present results are in contrast with Kindschuh et al. (2010) and D'Anastasio et al. (2014) results which revealed that width and height of the greater cornua has statistically significance differences. The present results concluded that the maximum sexual dimorphism was recorded for maximum body length (BL) and total hyoid length (THL) which are in accordance with Miller et al. (1998) results which revealed that (BL) is the maximum sexual dimorphism and an Egyptian study which concluded that (THL) is the maximum sexual dimorphic parameter in hyoid bone (Gad El-Hak et al., 2007) also Kindschuh et al. (2010) emphasize a greater sexual dimorphism of the maximum body height and length of the body in the transverse plane. The present results are in contrast with Agnihotri et al. (2015) results which concluded that (the perpendicular distance from midpoint of the distance between distal ends of the right and left greater cornua to midpoint of posterior aspect) is the maximum sexual dimorphic parameter. These different results indicate that some measurements are much more sexual dimorphic than others and the sexual dimorphism for hyoid bone is race specific. The present study examined the accuracy rates of discriminant functions created from the study population when applied for determination of sex from the hyoid bone, overall accuracy rates ranged from [(63.2% in females to 93.79% in males for maximum body length of the hyoid bone (BL) and 65.68% in females to 100% in males for total hyoid length (THL)] and these results are in accordance with studies which have produced predictive equations for sexing human hyoids and reported rates of accuracy ranging from 82% to 96% (Urbanová et al., 2013) . In a study on Canadian white population, discriminant functions were revealed that the overall accuracy rates were between 72.1% and 92.3% with correct sex determination for white males ranged between 88.2% and 96.3%, while correct sex determination for white females ranged between 31.3% and 92.0 (Logar et al., 2016) . A recent Indian study concluded that by multivariate discriminant linear functional analysis, 94% male and 85% female hyoids could be identified correctly and the total percentage of male and female hyoids is found to be 92% (Vohra and Kulkarni, 2017) . The present results are in contrast with some researches on hyoid bone which reported accuracy as little as 79% for correctly classified specimens (Reesink et al., 1999) . The present results concluded that the hyoid bone showed morphologically sexual dimorphism which is in accordance with Agnihotri et al. (2015) results which established the dimorphic silhouette for hyoid bone in North Indians.
Conclusion:
This is a humble attempt at studying the sexual dimorphism in adult hyoid bone in a population specific sample and the hyoid bone showed sexual dimorphism in the study sample. In most of the studied parameters there was a clear cut demarcation between the male and female bone values. For determining sex by using hyoid bone, single parameter may not be sufficient to predict its sex and it becomes mandatory to study all the parameters before predicting the sex of an unknown hyoid bone. This is a preliminary study, in a trial of help to design further work on hyoid bone.
